Background
==========

Periodontitis (PD) is a common chronic inflammatory disease characterized by destruction of the tooth-supporting tissues including alveolar bone, periodontal-ligament, and cementum. It is the leading cause of tooth loss and considered to be 1 of the 2 biggest threats to oral health \[[@b1-medscimonit-24-5802]\]. Significant associations have been found between periodontitis and systemic diseases such as cardiovascular disease, diabetes mellitus, preterm low birth weight, rheumatoid arthritis, and osteoporosis \[[@b2-medscimonit-24-5802]--[@b4-medscimonit-24-5802]\]. There are several possible mechanisms by which periodontitis might contribute to the pathogenesis of systemic disorder. First, patients with periodontitis may have a compromised immune system, rendering them more susceptible to systemic diseases. In addition, infectious and opportunistic microbes residing in periodontal pockets may promote the progression of systemic diseases by the spread of bacterial antigens, Gram-negative bacteria, cytokines, and other pro-inflammatory mediators \[[@b5-medscimonit-24-5802]\]. PD has been shown to be strongly associated with many autoimmune disorders such as rheumatoid arthritis (RA), systemic sclerosis, and systemic lupus erythematosus \[[@b6-medscimonit-24-5802],[@b7-medscimonit-24-5802]\]. Non-surgical therapies including scaling and root planing (SRP) with or without adjuncts are simple and effective procedures for treating PD \[[@b8-medscimonit-24-5802]\].

Rheumatoid arthritis (RA) is an autoimmune disease characterized by synovial inflammation and hyperplasia, autoantibody production, cartilage and bone destruction, and systemic features such as pulmonary, cardiovascular, and ophthalmic disorder \[[@b9-medscimonit-24-5802]\]. This debilitating disease affects approximately 1% of the population worldwide and is a frequent reason for lost work time \[[@b10-medscimonit-24-5802]\]. The exact mechanism accounting for the initiation and development of RA remains largely unknown. It is most likely caused by a combination of genetic, environmental, hormonal, and infectious co-factors \[[@b11-medscimonit-24-5802]\].

It has long been recognized that RA and periodontitis share many common pathological features such as chronic inflammation induced by pro-inflammatory cytokines, connective tissue breakdown, and bone erosion. In addition, strong epidemiological, serological, and clinical associations have been observed between RA and periodontitis \[[@b12-medscimonit-24-5802]\]. Regardless of dental and periodontal conditions, a group of RA patients were shown to have worse oral health-related quality of life than participants in a control group \[[@b13-medscimonit-24-5802]\]. Previous studies have demonstrated that prevalence of RA is higher in patients with periodontitis than in patients without periodontitis and vice versa \[[@b14-medscimonit-24-5802],[@b15-medscimonit-24-5802]\]. However, compared to control participants, women with periodontal surgery or tooth loss did not have a higher risk of RA \[[@b16-medscimonit-24-5802]\]. Therefore, the association between RA and periodontitis is still controversial and further investigations are urgently needed. The aim of this study was to determine the link between RA and periodontitis; we also investigated the influence of non-surgical periodontal treatment on the disease activity of RA.

Material and Methods
====================

Participants
------------

The prospectively study was approved by the Medical Ethics Committee at the First Affiliated Hospital of Sun Yat-sen University, and all clinical samples were collected at the First Affiliated Hospital of Sun Yat-sen University according to the approved protocol. Written informed consent was obtained from all participants. A total of 64 patients were enrolled simultaneously in this study and divided into 4 groups: 18 PD patients without RA (PD^+^RA^−^), 18 RA patients without PD (PD^−^RA^+^), 18 RA patients with PD (PD^+^RA^+^), and 10 healthy controls (PD^−^RA^−^). The 4 study groups were well matched for age, gender, and ethnicity. The mean ±SD age was 44.8±9.5 years in the patients with PD^+^RA^−^, 43.6±12.8 years in the patients with PD^−^RA^+^, 42.8±11.2 years in the patients with PD^+^RA^+^, and 42.2±14.0 years in the healthy control participants. The exclusion criteria were 1) pregnancy, 2) smoking, 3) any other systemic disease affecting periodontal conditions (e.g., diabetes, hypertension, and cardiovascular diseases), and 4) subgingival periodontal therapy or antibiotic treatment in the previous 6 months. Inclusion criteria for patients included confirmed diagnosis of chronic PD or active RA or both diseases. The diagnosis of PD was based on inspection, periodontal probing, and x-rays. All RA patients were confirmed to fulfill the 1987 revised classification criteria of the American Rheumatism Association: 1) morning stiffness in and around joints lasting at least 1 hour before maximal improvement; 2) soft tissue swelling of ≥3 joint areas; 3) swelling of the proximal interphalangeal, metacarpophalangeal, or wrist joints; 4) symmetric swelling; 5) rheumatoid nodules; 6) presence of rheumatoid factor (RF); and 7) radiographic erosions and/or peri-articular osteopenia in hand or wrist joints. RA was defined by the presence of 4 and more criteria; criteria 1 through 4 must have been present for at least 6 weeks \[[@b17-medscimonit-24-5802]\]. All patients with RA were taking corticosteroids, disease-modifying antirheumatic drugs and non-steroidal anti-inflammatory drugs and their medication was maintained to avoid study interferences.

Data collection
---------------

The following information was obtained from patients' medical and dental records: age, gender, medical history, and medications used by the participants. Periodontal and RA status were assessed at baseline and at 1 months after intervention. Clinical periodontal assessments were performed by 2 trained and calibrated examiners. All the participants were evaluated clinically with the following measurements including probing depth (PD), Loe and Silness gingival index (GI), Silness and Loe plaque index (PI), percentage of sites with bleeding on probing (BOP). To assess RA status, the following data were extracted from patients' records: C-reactive protein (CRP), anti-cyclic citrulline peptide antibody (ACPA), erythrocyte sedimentation rate (ESR), and Disease Activity Score 28 (DAS28). The non-surgical periodontal treatment included oral hygiene instruction, full-mouth supra-gingival scaling with ultrasonic instruments and full mouth scaling/root planning immediately after the baseline assessment.

Statistical analysis
--------------------

The clinical and laboratory parameters collected received statistical analyses at baseline and 1-month post-treatment. After evaluating the normality of distribution by Kolmogorov-Smirnov tests, the Mann-Whitney test was performed to compare the differences between groups. The Wilcoxon tests was performed to compare the differences between the examination periods (baseline and 1 month) in each group. Spearman analysis was performed to evaluate the correlation between the changes in the periodontal and rheumatologic status. The Cohen's kappa value for intra-examiner reproducibility for periodontal status assessment was good (0.77). The statistical *P*\<0.05 was considered as statistical significance.

Results
=======

Findings at baseline
--------------------

The demographic, periodontal, and rheumatologic information of the participants at baseline are summarized in [Table 1](#t1-medscimonit-24-5802){ref-type="table"}. No significant difference was found among the 4 groups regarding demographic profile including age, gender, and BMI. Then we compared the periodontal parameters (PLI, GI, BOP%, and PD) between patients in the PD^+^RA^+^ group and the PD^+^RA^−^ group or those in the PD^−^RA^+^ group and the PD^−^RA^−^ group. No statistical difference between groups was present ([Figure 1](#f1-medscimonit-24-5802){ref-type="fig"}), indicating that the existence of RA has little effect on the progression of periodontitis. For PLI value between patients in the PD^+^RA^+^ group and the PD^+^RA^−^ group, the *P* value approached marginal levels of significance, suggesting that RA might increase the aggregation of dental plaque. Then the rheumatologic parameter values, including DAS28, hsCRP, ESR, and ACAP, were compared between patients in the PD^+^RA^+^ group and the PD^−^RA^+^ group as well as participants in the PD^+^RA^−^ group and the PD^−^RA^−^ group (except DAS28). The serum levels of DAS28 (*P*=0.002), hsCRP (*P*=0.047), ESR (*P*=0.049), and ACAP (*P*=0.002) were significantly higher in the PD^+^RA^+^ group compared with the PD^−^RA^+^ group. These findings indicate that the existence of PD greatly influenced the development of RA. Serum level of hsCRP (*P*=0.035) was higher in the PD^+^RA^−^ group compared to the PD^−^RA^−^ group. No significant differences were observed between the PD^+^RA^−^ group and the PD^−^RA^−^ group about ESR and ACAP (*P*\>0.05) ([Figure 2](#f2-medscimonit-24-5802){ref-type="fig"}).

Findings after non-surgical periodontal treatment
-------------------------------------------------

Following non-surgical periodontal treatment after 1 month, the periodontal and rheumatologic information of the participants are summarized in [Table 2](#t2-medscimonit-24-5802){ref-type="table"}. No statistical difference was found between patients in the PD^+^RA^+^ group and the PD^+^RA^−^ group or those in the PD^−^RA^+^ group and the PD^−^RA^−^ group regarding the 4 periodontal parameters (*P* \> 0.05) ([Figure 3](#f3-medscimonit-24-5802){ref-type="fig"}). As shown in [Figure 4](#f4-medscimonit-24-5802){ref-type="fig"}, the median expression levels of DAS28, hsCRP, and ESR in the PD^+^RA^+^ group were similar compared to those in the PD^+^RA^−^ group. The serum level of ACAP was higher in the PD^+^RA^+^ group than in the PD^+^RA^−^ group (*P*=0.032). Serum level of hsCRP was higher in the PD^+^RA^−^ group compared to the PD^−^RA^−^ group (*P*\<0.001). No significant differences were observed between the PD^+^RA^−^ group and the PD^−^RA^−^ group about ESR and ACAP (*P*\>0.05).

Periodontal and rheumatologic parameters was significantly improved in patients receiving non-surgical periodontal treatment
----------------------------------------------------------------------------------------------------------------------------

We then compared the periodontal and rheumatologic parameters in the PD^+^RA^+^ group and the PD^+^RA^−^ group before and after non-surgical periodontal treatment. Not surprisingly, the non-surgical periodontal treatment was able to improve periodontal health. The 4 periodontal parameters (PLI, GI, BOP%, and PD) were all significantly downregulated in the PD^+^RA^+^ group and the PD^+^RA^−^ group following treatment (*P*\<0.001). In the PD^+^RA^+^ group, the levels of 4 rheumatologic parameters were all remarkably reduced after the effective non-surgical periodontal treatment (*P*\<0.001). In the PD^+^RA^+^ group, the non-surgical periodontal treatment diminished the levels of ACAP (*P*\<0.001), while had little impact on the levels of hsCRP and ESR (*P*\>0.05) ([Figures 5](#f5-medscimonit-24-5802){ref-type="fig"}, [6](#f6-medscimonit-24-5802){ref-type="fig"}).

The correlation between the changes in the periodontal and rheumatologic status following non-surgical periodontal treatment
----------------------------------------------------------------------------------------------------------------------------

Spearman analysis was performed to evaluate the correlation between the changes in the periodontal and rheumatologic parameters. For the PD^+^RA^+^ group, the changes in DAS28 was highly correlated with the changes in ACPA (r=0.614, *P*=0.007) ([Figure 7A](#f7-medscimonit-24-5802){ref-type="fig"}). The changes in PD was positively correlated with ACPA (r=0.939, *P*\<0.001) ([Figure 7B](#f7-medscimonit-24-5802){ref-type="fig"}) and DAS28 (r=0.619, *P*=0.006) ([Figure 7C](#f7-medscimonit-24-5802){ref-type="fig"}). For the PD^+^RA^−^ group, the changes in PD were highly correlated with the changes in ACPA (r=0.857, *P*\<0.001) ([Figure 7D](#f7-medscimonit-24-5802){ref-type="fig"}).

Discussion
==========

In this study, our results demonstrate that PD was closely associated with the severity of RA. In addition, periodontal treatment led to a significant improvement in all periodontal clinical parameters and a reduction in RA severity. RA patients had similar periodontal status, indicating the existence of RA had little influence on the severity of periodontitis. However, patients with PD and RA had significantly higher levels of rheumatologic parameters compared with those who only suffered RA, suggesting that the existence of PD greatly promoted the development of RA. In addition, non-surgical periodontal treatment was highly effective in improving rheumatologic parameters. These findings further support our viewpoint that PD might be a powerful stimulus for RA progression.

Consistent with our results that the existence of RA has little effect in PD, we found no evidence of an increased prevalence of periodontitis in patients with RA compared to healthy controls, suggesting that RA is probably was not involved in the initiation of PD \[[@b18-medscimonit-24-5802]\]. Similarly, no significant differences in periodontitis prevalence and periodontitis severity between patients with RA and controls were observed \[[@b19-medscimonit-24-5802]\]. However, there have been reports of contradictory results that that presence of PD was more common in patients with RA \[[@b20-medscimonit-24-5802],[@b21-medscimonit-24-5802]\]. One possible reason responsible for the contrary findings is that RA is more likely to have influence on severe PD rather than slight PD. A high proportion of severe PD cases in a study population might lead to the observation that patients with RA had significantly worse periodontal status compared with controls, while a high percentage of slight PD cases might lead to negative findings. Considering the small sample size in our study, further studies with larger cohorts are warranted to investigate whether RA can influence the initiation and development of PD.

DAS28, hsCRP, ESR, and ACAP are commonly used parameters for evaluating the activity and severity of RA \[[@b22-medscimonit-24-5802]--[@b25-medscimonit-24-5802]\]. ACAP is an antibody present in most RA patients and its level can be used as a prognostic tool for RA \[[@b25-medscimonit-24-5802]\]. We found that the expression levels of rheumatologic parameters including DAS28, hsCRP, ESR, and ACAP were all significantly increased in RA patients with coexisting PD compared with those who only had RA, indicating PD might be a strong risk factor for the progression of RA. Similarly, the presence of PD was significantly associated with increased swollen joint counts, greater disease activity, higher total Sharp scores of radiographic damages, and higher levels of anti-CCP-2 and rheumatoid factor \[[@b20-medscimonit-24-5802]\]. Higher DAS28 scores were observed in RA patients with severe periodontitis compared with RA patients with no or moderate periodontitis \[[@b15-medscimonit-24-5802]\]. Experimentally-induced arthritis was found to have no influence on the alveolar bone resorption induced by *Porphyromonas gingivalis*. However, mice with experimentally-induced arthritis that were exposed to *P. gingivalis* suffered worse joint damage \[[@b26-medscimonit-24-5802]\]. This animal study further supported our findings that PD might promote the development of RA, while RA has little effect on PA progression.

We also demonstrated that non-surgical periodontal treatment is highly effective in improving the clinical outcome of RA. Significant decreases in DAS28 were observed after periodontal treatment, indicating periodontal therapy can improve RA status \[[@b27-medscimonit-24-5802]\]. Similarly, RA patients who received non-surgical periodontal therapy showed statistically significant improvement in all periodontal and RA parameters at 3 months, compared with those who did not receive periodontal therapy \[[@b28-medscimonit-24-5802]\]. Mechanistically, pathogenic bacterial of periodontitis patients has a promoting effect on RA severity. Non-surgical periodontal treatment can effectively improve the periodontal status, resulting in a decrease in bacteria, bacterial antigens, and pro-inflammatory mediators entering the circulatory system. Reduced systemic inflammation might contribute to a better clinical outcome of RA.

Conclusions
===========

PD might be a powerful stimulus for the development of RA, while RA has little effect on PD progression. Non-surgical periodontal treatment is effective for improve the clinical outcome of RA and routine use of this therapy is strongly recommended for RA having coexisting PD.
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![No significant difference was found in the periodontal parameters (PLI, GI, BOP%, and PD) at baseline between patients in the PD^+^RA^+^ and the PD^+^RA^−^ group as well as patients in the PD^−^RA^+^ and the PD^−^RA^−^ group (*P*\>0.05).](medscimonit-24-5802-g001){#f1-medscimonit-24-5802}

![The levels of DAS28, hsCRP, ESR, and ACAP were all significantly increased in the PD^+^RA^+^ group compared with the PD^−^RA^+^ group.](medscimonit-24-5802-g002){#f2-medscimonit-24-5802}

![No significant difference was found in the periodontal parameters (PLI, GI, BOP%, and PD) at 1 month following treatment between patients in the PD^+^RA^+^ group and the PD^+^RA^−^ group (*P*\>0.05).](medscimonit-24-5802-g003){#f3-medscimonit-24-5802}

![No significant difference regarding levels of DAS28, hsCRP, and ESR was observed between the PD^+^RA^+^ group and the PD^+^RA^−^ group at 1 month following treatment (*P*\>0.05). The serum level of ACAP was higher in the PD^+^RA^+^ group than in the PD^+^RA^−^ group (*P*=0.032).](medscimonit-24-5802-g004){#f4-medscimonit-24-5802}

![Following treatment, all the periodontal and rheumatologic parameters were all significantly downregulated in the PD^+^RA^+^ group (*P*\<0.001).](medscimonit-24-5802-g005){#f5-medscimonit-24-5802}

![Following treatment, all the periodontal parameters and serum ACAP levels were significantly reduced in the PD^+^RA^−^ group (*P*\<0.001).](medscimonit-24-5802-g006){#f6-medscimonit-24-5802}

![(**A--D**) Spearman analysis was performed to evaluate the correlation between the changes in the periodontal and rheumatologic parameters following treatment.](medscimonit-24-5802-g007){#f7-medscimonit-24-5802}

###### 

Demographic, periodontal, and rheumatologic characteristics of participants at baseline.

  Parameters      PD^+^RA^+^     PD^−^RA^+^    PD^+^RA^−^   PD^−^RA^−^
  --------------- -------------- ------------- ------------ -------------
  Male (%)        22.22          16.67         22.22        20.00
  Age             42.82±11.20    43.62±12.84   44.80±9.53   42.23±14.04
  BMI (kg/m^2^)   23.50±3.21     22.80±3.74    23.00±3.01   21.63±2.45
  PLI             2.12±0.12      1.69±0.15     1.84±0.86    1.58±0.19
  BOP (%)         47.43±3.57     17.4±1.35     47.39±3.04   16.05±2.63
  GI              1.50±0.03      0.86±0.06     1.48±0.03    0.85±0.06
  PD (mm)         3.28±0.08      2.20±0.05     3.22±0.08    2.21±0.08
  DAS28           4.60±0.96      3.4±1.20      --           --
  ESR (mm/h)      37.55±24.52    23.27±16.26   13.33±5.68   12.60±4.30
  hsCRP (mg/L)    14.06±19.77    4.23±5.13     3.55±4.90    1.73±1.78
  ACPA (RU/ml)    102.24±97.70   47.61±67.76   0.77±0.53    0.79±0.33

###### 

Periodontal and rheumatologic characteristics of participants at one month following treatment.

  Parameters     PD^+^RA^+^    PD^−^RA^+^    PD^+^RA^−^   PD^−^RA^−^
  -------------- ------------- ------------- ------------ ------------
  PLI            1.62±0.36     1.45±0.53     1.52±0.25    1.34±0.47
  BOP%           26.01±6.52    16.03±3.53    24.92±8.06   16.16±5.46
  GI             1.17±0.15     0.78±0.18     1.20±0.09    0.79±0.14
  PD (mm)        2.83±0.30     2.16±0.29     2.76±0.43    2.19±0.21
  DAS28          3.45±1.01     3.18±0.90     --           --
  ESR (mm/h)     20.61±14.23   21.33±14.03   12.61±5.83   11.60±3.78
  hsCRP (mg/L)   7.27±10.67    3.57±3.47     3.57±0.68    1.33±0.95
  ACPA (RU/ml)   57.46±47.96   38.70±53.85   0.53±0.31    0.73±1.17
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